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(57) ABSTRACT 

A drillstring first tube portion (10) for connection to further 
tube portions (24.26) of a drillstring via respective connec 
tion means has a side wall (16) including non ferromagnetic 
material, and at least one downhole survey device (12) 
mounted directly or indirectly on or within the side wall. The 
Survey device has at least one Survey instrument to obtain 
Survey data, a power source (22) and wireless communica 
tion means (18) to wirelessly receive and/or transmit survey 
data within or on the side wall. A method of conducting a 
downhole Survey of drilling using such an apparatus is also 
disclosed, as well as a method of obtaining data gathered 
downhole. The survey device and a core orientation device 
(32) may communicate wirelessly, such as when passing 
each other. 
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DOWNHOLE SURVEYING 

FIELD OF THE INVENTION 

The present invention relates to downhole Surveying in 
drilling operations. 

BACKGROUND TO THE INVENTION 

In subsurface drill-rig applications where diamond drill 
ing methods are used to extract core samples during explor 
atory or directional drilling, it is essential to determine the 
orientation and Survey position of each core's position 
underground before being drilled out and extracted. The 
purpose of this is to be able to produce a three dimensional 
map of underground mineral/rock content. This is appli 
cable to Mining, Oil & Gas exploration, Directional Drilling 
and Civil Engineering industries. 

Current technologies use Core-Orientation units attached 
to core inner tubes and back-end assemblies to determine the 
correct orientation of the drilled out core sample after a 
preferred drilling distance, such as every 1.0 meter, 1.5 
meters, 3.0 meters or 6.0 meters of drilling. These core 
orientation units measure rotational direction of the core 
sample before extraction. On retrieval at the surface of the 
hole, the rotational direction can be determined by electronic 
means and the upper or lower side of the core material 
physically marked for later identification by geologists. 

In addition, at periodic depths, say, 30 meter drilling 
intervals, a Survey Instrument is lowered down the drill 
hole to determine azimuth (angular measurement relative to 
a reference point or direction), dip (or inclination) and any 
other required Survey parameters. These periodic depth 
Survey readings are used to approximate the drill-path at 
different depths. Together with the rotational position of the 
extracted core (from the core orientation device), the sub 
Surface material content map can be determined. 
The Survey instruments, if utilising magnetic measure 

ment components to determine azimuth (e.g. magnetom 
eters), will be at least 3 meters from any significant metal 
parts having magnetic influence that might otherwise affect 
measurements by the probe's instruments. For example, 
ferro-metallic drill bit or any section of steel inner or outer 
tubes which make up the drill-string. This is to ensure that 
the Survey measurement is not corrupted by being in proX 
imity to metallic material which could cause erroneous 
azimuth data readings. To achieve this requirement, the 
Survey probe is inserted through the circular centre open 
section of the drill bit while the outer drill tube (attached to 
the drill bit) is raised three or more meters above the survey 
instrument to allow it to capture accurate azimuth data. To 
be positioned three or more meters below the drill bit and 
tubes, the survey instrument needs to be further attached to 
a series of aluminium rods (non-magnetic influence mate 
rial) to achieve the distance separation. 
The entire process as described above is considerably 

time consuming having to re-insert Survey instruments every 
30 meters while pulling back the drill string, removing and 
extracting data from both the core orientation and Survey 
instruments and the need to assemble/disassemble mechani 
cal fixtures to initiate start of operation and to read data from 
the instruments after extraction from the drill hole. There is 
also a need for Substantial capital investment or leasefhire 
arrangements for the extra equipment needed on site. 

It has been found desirable to provide an improved 
method and apparatus for obtaining downhole data without 
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2 
the need to insert a Survey probe to measure azimuth and 
inclination/dip of the drillhole path. 

SUMMARY OF THE INVENTION 

With the aforementioned in mind, the present invention 
provides a drillstring first tube portion for connection to 
further tube portions of a drillstring via respective connec 
tion means, the first tube portion having a side wall includ 
ing a non ferromagnetic material, and at least one downhole 
survey device mounted directly or indirectly on or within the 
side wall, the Survey device including at least one electronic 
instrument to obtain Survey data, a power Source and wire 
less communication means to wirelessly receive and/or 
transmit Survey data. 
The present invention advantageously enables obtaining 

drill-hole survey readings without the need to insert a survey 
probe to measure azimuth and inclination/dip of the drill 
hole path (hence reducing equipment handling and amount 
of equipment, reducing repetition of operations by not 
needing to periodically withdraw the drill bit a certain 
distance in order to advance a probe ahead of, and therefore 
distanced from, the drill bit, and saving time). 
One or more embodiments of the present invention may 

negate the need to conduct a multi-shot Survey since a single 
shot Survey can be taken at regular short intervals utilising 
the present invention. 

Preferably the first tube portion is an outer tube portion for 
the drillstring. Thus, the survey instrument may be part of 
the outer casing (outer tube) and can take measurements 
downhole and/or communicate with a core orientation 
device or other instruments. 
A further aspect of the present invention provides a 

downhole Survey system including a drillstring first tube 
portion for connection to further tube portions of a drillstring 
via connection means at respective first and second ends of 
the first tube portion. 
The first tube portion may preferably have a side wall 

including non ferromagnetic material, and at least one 
downhole survey device mounted directly or indirectly on or 
within the side wall, the survey device including at least one 
electronic instrument to obtain Survey data, a power source 
and wireless communication means to wirelessly receive 
and/or transmit Survey data, the system further including 
non ferromagnetic second and third tube portions each 
configured to releasably connect to one of the first or second 
ends of the first tube portion and to releasably connect to a 
remainder of the drillstring. 

Thus, the second and third tube portions act as non 
magnetic influencing distance pieces to maintain the Survey 
device a required distance from magnetically influencing 
parts of the rest of the drillstring. 

Preferably the second and third tube portions are formed 
entirely or primarily of stainless steel, aluminium or other 
non ferromagnetic metal. Non-metallic first, second and/or 
third tube portions are also envisaged, such as being formed 
of composite materials, such as carbon fibre, either alone or 
in combination with non ferromagnetic metals. 

It is intended to preferably apply the present invention in 
a one-pass operation during a core sample extraction 
process. 
The ability to obtain drill-hole survey data every time a 

core sample is extracted will have the added advantage of 
being able to survey the drill-hole every 3 or 6 meters 
(instead of 30 meters) depending on the length of core 
sample being extracted. There would be no need to sepa 
rately insert a survey instrument to the bottom of the 
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drill-hole after every 30 meters of drilling, or its attachment 
of 3 meters of aluminium extension rods to achieve sepa 
ration from the magnetically influenced drill bit and steel 
drill String. 

Another aspect of the present invention provides a method 
of conducting a downhole Survey of drilling, the method 
including: providing a drillstring having a drill bit at a distal 
end thereof; using a drill bit within the drillstring to drill a 
borehole; providing a non ferromagnetic first tube portion in 
the drillstring, the first tube portion including a Survey 
device to obtain, in use, Survey data relating to the borehole; 
obtaining the Survey data. 
The present invention may preferably include incorporat 

ing into the drillstring a first nonferromagnetic distance tube 
between the first tube portion and the drill bit and a second 
non ferromagnetic distance tube between the first tube 
portion and an upper end of the drillstring to thereby 
distance the survey device from magnetic effects of lower 
and upper portions of the drillstring. 

There may be wireless communication between the sur 
vey device and a core orientation device, the core orientation 
device connected to an inner tube attached to the drill bit. 
The survey device and the core orientation device may 

communicate wirelessly when the core orientation device 
passes the Survey device when the core orientation device is 
travelling down into or being retrieved from the borehole. 

Alternatively, the survey device and core orientation 
device may communicate one way or two ways with each 
other, when drilling has ceased or during drilling. 
The core orientation device may store Survey data com 

municated to it from the survey device, whereby survey data 
is retrieved for analysis when the core orientation device is 
retrieved to the surface. The survey device may store survey 
data for late retrieval to the surface for analysis. 

Advantages are that there is more time available for 
drilling due to less time required for Surveying and manipu 
lating additional pieces of equipment and mechanical exten 
sions during the Survey process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an embodiment of the present invention in 
the form of a first tube portion incorporating a Survey device 
with instrumentation within the side wall and arranged to be 
connected to non magnetic distance tubes. 

FIG. 2 shows an embodiment of a system of the present 
invention including a Survey device connected between non 
ferromagnetic distance tubes. 

FIG. 3 a cross section through a first tube portion reveal 
ing embedded electronics of the Survey device according to 
an embodiment of the present invention. 

FIG. 4 shows a device and system according to embodi 
ments of the present invention in situ as part of a drillstring 
in a drill hole. 

DESCRIPTION OF PREFERRED EMBODIMENT 

One or more embodiments of the present invention will 
now be described with reference to the accompanying 
figures. 
As shown in FIG. 1, a non-ferromagnetic stainless-steel 

first tube portion 10 includes a survey device 12 within the 
side wall 16 (see cross section FIG. 2). 
The components of the survey device may be embedded 

in the material of the side wall or set into a recess in the side 
wall and covered by a cover plate, such as a metal plate of 
the same non ferromagnetic material as the tube side wall or 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
a composite (carbon) based material. Those components 
may be held in place within the side wall by a resin e.g. 
adhered or bonded in place. 
The electronics can be coated by the bonding material, 

Such as a resin, to provide waterproofing. 
Alternatively, or in addition, a cover plate over the recess 

can have a seal which seals the cover plate over the recess 
to prevent ingress of water and dirt into the recess. 

Another way of incorporating the electrical components 
of the survey device into the side wall of the first tube 
portion is to Sandwich the components between layers of 
composite material. In this way, essentially the components 
become part of the structure of the tube. 

FIG. 2 shows an example of this construction. This 
ensures strength is maintained in the tube and helps to avoid 
air pockets which may otherwise weaken the tube. 

For example, a first layer of composite material may be 
laid down, such as winding, layering or spraying around a 
former or mandrel, placing the components onto this layer, 
and then applying a second layer over the components and 
over the first layer. 

Preferably the components are mounted to a flexible 
material. Such as mylar or fibreglass sheet before being 
sandwiched between layers of the composite. 

In preferred embodiments, the electronic components are 
mounted spirally or helically around and within the extent of 
the tube side wall. This has been found to maintain strength 
and integrity in the tube structure over and above laying the 
components lengthwise or circumferentially within the tube 
side wall. 
The PCBs (printed circuit boards) can have printed con 

necting tracks where circuits are mounted on the substrate 
(mylar, fiberglass sheet etc). 
The components used are miniature and usually Surface 

Mount-Technology/Surface-Mount-Devices (SMT/SMD) or 
Chip-On-Board (COB). Apart from using PCBs, miniature 
discrete wired components can be utilized which also gives 
flexibility and ease of integration into the composite fibre 
p1pe. 

Flexible PCB arrangements with component layout on the 
flexible PCB allow spiralling COB with discrete wire 
bonding connections. 
The flexible PCB can be shaped so as to give least gap 

area in the pipe where the PCB occupies space. The flexible 
PCBs can be curved, helical, spiral or thin strips of con 
nected PCBs so as to minimise the lack of woven fibre area 
where the PCB(s) is(are) inserted before the next layers of 
woven fibre are added to form the pipe structure. 
The survey device includes electronics in the form of a 

printed circuit board (PCB) 14, a wireless communication 
device (e.g. RF) 18, various sensors 20 and rechargeable 
battery 22 within the side wall 16 of the first tube portion. 
The embedded circuits are that of a survey instrument to 
measure positional azimuth and inclination (dip) of the 
drillstring, and other Survey related data as required. 
The Survey device 12 takes magnetic measurements as 

part of its collected data, which means that it has to be 
sufficiently distanced from any other metallic material that 
may cause anomalous readings, such as from the diamond 
headed drill bit 36, outer casing 40 below the survey device 
12, or remaining outer drill-rods 42 (drill-string) above 
which are added on as the drill-bit 36 descends further 
underground. 
To achieve this magnetic influence separation, two non 

magnetic distance tubes (rods) 24,26, preferably of 3 meter 
(or greater) length are attached at respective first 28 and 
second 30 ends of the survey device 12, as shown in FIG. 3. 
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These distance tubes 24.26 are then further attached to 
industry standard steel rods; such as by standard industry 
internal and external screw threads 44.46, for the Coring/ 
Drill-Bit section at one end and the Drill-String at the other. 
The distance tubes 24.26 are preferably of a non-magnetic 

composite material or some other non-ferrous metal/alloy 
Such as stainless Steel, or a combination thereof. Such as a 
shell of stainless steel coated in carbon fibre or vice versa. 

Core Orientation Device: 
As shown with reference to FIG. 4, a system according to 

one or more forms of the present invention may include a 
core orientation device 32. 
The core orientation device may include means to detect 

orientation direction of a core sample 34 before the core 
sample is extracted. 
The core orientation device can have additional circuits to 

communicate wirelessly (e.g. RF) with the survey device 12, 
and preferably have memory able to store survey results 
from the survey device to be later retrieved at the surface at 
the drill-rig site. This core orientation device is attached, in 
the usual industry standard way, to an inner coring tube, 
degreaser and back-end assembly 38. 
When the coring assembly is being inserted into a drill 

hole from the surface 6 into the ground 8 before further 
drilling and core extraction, the core orientation device 32 
passes the Survey device 12 providing an opportunity to 
transmit data wirelessly from the survey device 12 to the 
core orientation device 32. 

Data may also be transferred during return travel of the 
core orientation device back up the drillstring after retriev 
ing the core-sample on the way up to the Surface. 

Survey and Core Orientation Data Acquisition 
Once the core sample is retrieved from the ground 8 to the 

Surface 6, a single handheld controller device can orientate 
(indicating the underground orientation) of the core sample 
for marking as well as obtain Survey data. This is a one-pass 
operation where survey data is retrievable after every core 
sample extraction (3 to 6 meters) instead of every 30 meters. 

There is no need to additionally insert a survey instrument 
to obtain survey results and there is considerable time 
savings and consequently more drilling time at the drill-rig. 
Using software tools, a directional drilling system is pos 
sible with dynamic visual data available after every core 
sample extraction. 
The survey device can include low profile SMD electronic 

componentry embedded into the side-wall 16 of a stainless 
steel (or other non-magnetic material) tubing. Also, the core 
orientation device 32 is able to interface with wireless and 
contactless Transmit and Receive (TX/RX) communication 
devices. 

This core orientation device, when used as described in 
the methodology and system of the present invention above, 
will serve to communicate with, and store data from the 
embedded survey instrument 12. Electronics will be pow 
ered by long life non-rechargeable batteries, or rechargeable 
batteries which can function for several months before 
requiring a recharge. 
The invention claimed is: 
1. A downhole Survey system including a drillstring first 

tube portion configured for connection to further tube por 
tions of a drillstring via respective connections, which 
comprises a first hollow tube portion having a side wall 
portion of non-ferromagnetic material, and at least one 
downhole Survey device mounted to a recess in the non 
ferromagnetic material or bonded to the non-ferromagnetic 
material or embedded in the non-ferromagnetic material or 
set into the non-ferromagnetic material, the Survey device 
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6 
including at least one Survey instrument to obtain Survey 
data, a power Source and wireless communication device to 
wirelessly receive and/or transmit obtained survey data to a 
core orientation device or to another electronic instrument 
inserted into the drillstring first tube portion and arranged to 
pass the Survey device during transit of the core orientation 
device or the other electronic instrument within the drill 
string first tube portion and to retrieve and store the obtained 
Survey data by wireless transmission of the Survey data 
between the survey device and the core orientation device or 
the other electronic instrument during said transit Subse 
quent retrieval of the core orientation device or the other 
electronic instrument to the surface with the stored survey 
data. 

2. The downhole Survey system according to claim 1, the 
first hollow tube portion being an elongated hollow tube, 
wherein the side wall extends from the survey device a 
distance to each of opposite first and second ends of the first 
hollow tube portion to isolate the survey device from 
significant magnetic effects of steel portions of the drill 
String. 

3. The downhole Survey System according to claim 1, 
including non-ferromagnetic second and third hollow tube 
portions each configured to releasably connect to a respec 
tive one of two opposite ends of the first hollow tube portion 
and to releasably connect to a remainder of the drillstring. 

4. The downhole Survey System according to claim 3, 
wherein the second and third hollow tube portions act as 
non-magnetic distance tubes to maintain the Survey device a 
required distance from magnetically influencing parts of the 
drillstring. 

5. The downhole survey system according to claim 4, 
wherein the second and third hollow tube portions are 
formed entirely of or primarily of stainless steel, aluminium, 
other non-ferromagnetic metal, or of composite material, or 
a combination of one or more of the aforementioned non 
ferromagnetic metals or composite materials. 

6. The downhole Survey system according to claim 1, 
wherein the Survey device includes instrumentation to mea 
sure azimuth and inclination of a drill hole. 

7. The downhole survey system according to claim 1, 
wherein the survey device or the at least one survey instru 
ment are bonded to or embedded in the non-ferromagnetic 
material of the side wall portion by adhesive or resin. 

8. The downhole Survey System according to claim 1, 
wherein electronic components of the Survey device are 
mounted spirally or helically around the side wall. 

9. The downhole survey system according to claim 8. 
wherein the electronic components are mounted within the 
side wall. 

10. The downhole survey system according to claim 1, 
wherein electronic components of the Survey device are 
mounted to a flexible material before being sandwiched 
between layers of composite material providing the non 
ferromagnetic material. 

11. The downhole survey system according to claim 10, 
wherein the flexible material includes mylar or fiberglass 
sheet. 

12. The downhole Survey system according to claim 1, 
wherein the communication device of the survey device 
includes a receiver to receive data transmitted from the core 
orientation device or the other electronic instrument. 

13. A method of conducting a downhole survey of drill 
ing, the method including: 

a) providing a drillstring having a drill bit at a distal end 
thereof; 

b) using a drill bit within the drillstring to drill a borehole; 
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c) providing a non-ferromagnetic side wall portion of a 
first hollow tube portion in the drillstring, the first 
hollow tube portion including a survey device to 
obtain, in use, Survey data relating to the borehole 
wherein the survey device is mounted to a recess in the 
non-ferromagnetic material or bonded to the non-fer 
romagnetic material or embedded in the non-ferromag 
netic material or set into the non-ferromagnetic mate 
rial, the Survey device includes at least one survey 
instrument to obtain Survey data, a power source and 
wireless communication device to wirelessly receive 
and/or transmit survey data to a core orientation device 
or to another electronic instrument; 

d) obtaining the survey data with the at least one survey 
instrument; and 

e) while the core orientation device or other electronic 
instrument is in transit within the drillstring, transmit 
ting the survey data to the core orientation device or to 
the other electronic instrument for subsequent retrieval 
of the survey data from the core orientation device or 
the other electronic instrument to the surface. 

14. The method according to claim 13, including incor 
porating into the drill string a first non-ferromagnetic dis 
tance hollow tube between the first hollow tube portion and 
the drill bit and a second non ferromagnetic distance hollow 
tube between the first tube portion and an upper end of the 
drillstring to thereby distance the survey device from mag 
netic effects of lower and upper portions of the drillstring. 

15. The method according to claim 13, including wire 
lessly communicating between the survey device and a core 
orientation device or another electronic instrument, the core 
orientation device or the other electronic instrument con 
nected to an inner tube. 

16. The method according to claim 15, whereby the 
Survey device and the core orientation device communicate 
wirelessly when the core orientation device or other elec 
tronic instrument passes the survey device when the core 
orientation device or other electronic instrument is travelling 
down into or being retrieved from the borehole. 

17. The method according to claim 15, whereby the core 
orientation device or other electronic instrument stores the 
Survey data communicated to it from the survey device, 
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whereby survey data is retrieved for analysis when the core 
orientation device is retrieved to a surface. 

18. The method according to claim 13, including the core 
orientation device or the other electronic instrument having 
a transmitter and transmitting data to the survey device. 

19. The method according to claim 13, including trans 
mitting the survey data from the survey device to the core 
orientation device or the other electronic instrument as the 
core orientation device or the other electronic instrument 
travels within the drillstring and passes the survey device. 

20. The method according to claim 19, wherein the survey 
data is transmitted to the core orientation device or the other 
electronic instrument when the core orientation device or the 
other electronic instrument is deployed downward into the 
drillstring. 

21. The method according to claim 19, wherein the survey 
data is transmitted to the core orientation device or the other 
electronic instrument when the core orientation device or the 
other electronic instrument is retrieved upward from the 
drillstring. 

22. A downhole survey system including a drillstring first 
tube portion, for connection to further tube portions of a 
drillstring via respective connections, which comprises a 
first hollow tube portion having a side wall portion of 
non-ferromagnetic material, and at least one downhole sur 
Vey device mounted to a recess in the non-ferromagnetic 
material or bonded to the non-ferromagnetic material or 
embedded in the non-ferromagnetic material or set into the 
non-ferromagnetic material, the survey device including at 
least one survey instrument to obtain survey data and a 
wireless communication device to wirelessly transmit 
obtained survey data, and a core orientation device or 
another electronic instrument provided to travel within the 
drillstring and arranged to pass the survey device and to 
wirelessly receive the obtained survey data transmitted 
wirelessly from the survey device for retrieval of the survey 
data with the core orientation device or the other electronic 
instrument to the surface. 

23. The downhole survey system according to claim 22. 
the core orientation device or the other electronic instrument 
including a transmitter to transmit data to the survey device. 


